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(57) ABSTRACT

A tapered roller bearing includes an 1nner ring, an outer ring,
a plurality of tapered rollers, and an annular cage having a
plurality of cage pockets. Each of the cage pockets has a
retainer configured to permit displacement of the tapered
roller 1n a direction with a component 1n a radial direction,
and restrict detachment of the tapered roller to an outer side
in the radial direction by bringing the retainer into contact
with a part of an outer peripheral surface of the tapered
roller. The cage pockets include a first cage pocket having a
first retainer with which a permissible amount of the dis-
placement 1s a first displacement amount, and a second cage
pocket having a second retainer with which the permissible
amount ol the displacement i1s a second displacement
amount smaller than the first displacement amount.

7 Claims, 13 Drawing Sheets
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1
TAPERED ROLLER BEARING AND CAGEL

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Japanese Patent Appli-
cation No. 2020-063369 filed on Mar. 31, 2020, incorpo-
rated herein by reference 1n 1ts entirety.

BACKGROUND
1. Technical Field

The present disclosure relates to a tapered roller bearing
and a cage.

2. Description of Related Art

Japanese Unexamined Patent Application Publication No.
2013-221592 (JP 2013-221592 A) discloses a tapered roller
bearing. The tapered roller bearing includes an inner ring, an
outer ring, a plurality of tapered rollers, and an annular cage.
The cage has a plurality of cage pockets that houses the
tapered rollers, respectively, thereby retaining the tapered
rollers with intervals in a circumiferential direction. To
prevent the tapered rollers housed in the cage pockets from
detaching radially outward when assembling the tapered
roller bearing, each cage pocket has a retainer that can be

brought into contact with the tapered roller from a radially
outer side.

SUMMARY

The tapered roller bearing 1s assembled as follows. As
illustrated 1 FIG. 12A, tapered rollers 109 are housed 1n
cage pockets 102 of a cage 101 to obtain a set 100 of the
tapered rollers 109 and the cage 101. The set 100 and an
inner ring 108 are assembled by causing the set 100 to
approach the mner ring 108 1n an axial direction. In the set
100, a diameter D1 of an inscribed circle defined by small-
diameter-side portions 109a of the tapered rollers 109 is
smaller than an outside diameter D¢ of a cone front face nb
(hereinatter referred to as “small rib”) 107 of the nner ring
108. Therefore, the small-diameter-side portion 109a of
cach tapered roller 109 needs to climb over the small rib 107
while assembling the set 100 and the mner ring 108 (see
FIG. 12B). Thus, the small-diameter-side portion 1094 1is
displaced radially outward. However, the displacement 1is
restricted by a retainer 103 of the cage pocket 102. Accord-
ingly, the operation for assembling the set 100 and the inner
ring 108 1s not easily achieved.

In view of the above, the small-diameter-side portion
109a of the tapered roller 109 1s forced to climb over the
small rib 107 by pushing the inner ring 108 1n the axial
direction against the cage 101 of the set 100 with a great
force by using a press or the like. At this time, the tapered
roller 109 pushes the retainer 103, and the cage 101 1s
clastically deformed in a direction 1n which 1ts diameter
increases. Through the assembling method described above,
the iner ring 108, the cage 101, and the tapered rollers 109
are 1ntegrated into an inner ring unit. An outer ring 1s
attached to the mnner ring unit to complete the tapered roller
bearing.

When the small-diameter-side portion 1094 of the tapered
roller 109 climbs over the small rib 107, a considerable force
1s applied to the cage 101. When the deformation of the cage
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2

101 exceeds 1its permissible range, the cage 101 may turn
white or may be plastically deformed. Further, the cage 101
may be cracked.

In view of the above, the retainer 103 may be downsized
or 1ts protruding height may be reduced. Therefore, the
permissible amount of the displacement of the tapered roller
109 increases to facilitate the operation for assembling the
set 100 and the inner ring 108. In this case, however, the
tapered roller 109 can be displaced greatly and the cage 101
can also be displaced greatly 1n the state of the mnner ring unit
obtained by assembling the set 100 and the inner ring 108.
As a result, the tapered roller 109 of the mner ring unit may
climb over the small rnib 107 to detach from the cage pocket
102. Thus, the inner ring 108, the tapered rollers 109, and the
cage 101 may be disintegrated.

As described above, when the operation for assembling
the set 100 and the mmner ring 108 1s facilitated by, for
example, downsizing the retainer 103, the inner ring unit
including the inner ring 108, the tapered rollers 109, and the
cage 101 1s likely to disintegrate. When the disintegration of
the mner ring unit 1s suppressed by, for example, upsizing
the retainer 103, the operation for assembling the set 100 and
the 1ner ring 108 1s difficult.

The present disclosure provides a tapered roller bearing
and a cage that can achieve both facilitation of an operation
for assembling an inner ring and a set of a cage and a
plurality of tapered rollers, and suppression of disintegration
of an inner ring unit obtained by assembling the set and the
Inner ring.

A tapered roller bearing according to a first aspect of the
present disclosure includes an inner ring, an outer ring, a
plurality of tapered rollers, and an annular cage. The inner
ring has an 1nner ring raceway on an outer peripheral side,
a small rib provided on one side of the inner ring raceway
in an axial direction, and a large rib provided on another side
of the mner ring raceway 1n the axial direction. The outer
ring has an outer ring raceway on an imner peripheral side.
The tapered rollers are 1n rolling contact with the iner ring
raceway and the outer ring raceway. The cage has a plurality
ol cage pockets that houses the tapered rollers, respectively.
Each of the cage pockets has a retainer configured to permat
displacement of the tapered roller that 1s housed 1n a
direction with a component 1n a radial direction relative to
a central axis of the tapered roller bearing, and restrict
detachment of the tapered roller to an outer side 1n the radial
direction by bringing the retainer into contact with a part of
an outer peripheral surface of the tapered roller. The cage
pockets include a first cage pocket and a second cage pocket.
The first cage pocket has a first retainer with which a
permissible amount of the displacement 1s a first displace-
ment amount. The second cage pocket has a second retainer
with which the permissible amount of the displacement 1s a
second displacement amount smaller than the first displace-
ment amount.

According to the aspect described above, the permissible
amount of the displacement with the component 1n the radial
direction 1s larger in the tapered roller 1n the first cage pocket
than the tapered roller in the second cage pocket. Therefore,
when assembling the inner ring and a set of the cage and the
tapered rollers, the tapered roller 1n the first cage pocket can
casily climb over the small rib of the inner ring. As com-
pared to a case where all the cage pockets are the second
cage pockets 1 which the permissible amount of the dis-
placement 1s small, the operation for assembling the set and
the 1nner ring 1s facilitated. The permissible amount of the
displacement with the component in the radial direction 1s
smaller in the tapered roller 1n the second cage pocket than
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the tapered roller 1n the first cage pocket. Therefore, when
the set and the inner ring are assembled 1nto an 1nner ring
unit, the tapered roller 1in the second cage pocket and the
cage are hardly displaced relative to each other. As a result,
the tapered rollers housed 1n the cage pockets hardly detach
from the mner ring unit, thereby suppressing disintegration
of the mner ring unit.

In the aspect described above, the first retainer may have
a first clearance 1n the radial direction from the tapered roller
housed 1n the first cage pocket, and the second retainer may
have a second clearance in the radial direction from the
tapered roller housed 1n the second cage pocket. The second
clearance 1s smaller than the first clearance. Thus, the first
cage pocket has the first retainer with which the permissible
amount of the displacement 1s the first displacement amount,
and the second cage pocket has the second retainer with
which the permissible amount of the displacement 1s the
second displacement amount smaller than the first displace-
ment amount.

In the aspect described above, the number of the second
cage pockets may be smaller than the number of the first
cage pockets. According to this structure, even though the
number of the second cage pockets 1s small, the cage 1s
hardly displaced relative to the mner ring. Since the number
of the second cage pockets 1s small, the operation for
assembling the set and the mner ring 1s facilitated.

In the aspect described above, a plurality of the second
cage pockets may be arranged away from each other 1in a
circumierential direction relative to the central axis of the
tapered roller bearing with the first cage pocket interposed
between the second cage pockets. According to this struc-
ture, the cage 1s hardly displaced relative to the mnner ring
more securely.

In the aspect described above, the second retainer may be
provided on an iner side 1n the radial direction with respect
to the first retainer. Thus, the second cage pocket has the
second retainer with which the permissible amount of the
displacement 1s the second displacement amount smaller
than the first displacement amount.

The outer peripheral surface of the tapered roller 1s shaped
along a conical surface in which the outside diameter
increases toward the other side in the axial direction. There-
fore, the second retainer may be provided on the other side
in the axial direction with respect to the first retainer. Thus,
the second cage pocket has the second retainer with which
the permissible amount of the displacement 1s the second
displacement amount smaller than the first displacement
amount.

A second aspect of the present disclosure relates to a cage
for a tapered roller bearing including an mner ring, an outer
ring, and a plurality of tapered rollers. The inner ring has an
inner ring raceway on an outer peripheral side, a small rib
provided on one side of the iner ring raceway 1n an axial
direction, and a large rib provided on another side of the
inner ring raceway in the axial direction. The outer ring has
an outer ring raceway on an mner peripheral side. The
tapered rollers are 1n rolling contact with the inner ring
raceway and the outer ring raceway. The cage includes a
plurality of cage pockets that houses the tapered rollers,
respectively. Each of the cage pockets has a retainer con-
figured to permit displacement of the tapered roller that 1s
housed 1n a direction with a component 1n a radial direction
relative to a central axis of the tapered roller bearing, and
restrict detachment of the tapered roller to an outer side in
the radial direction by bringing the retainer into contact with
a part of an outer peripheral surface of the tapered roller. The
cage pockets include a first cage pocket and a second cage
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pocket. The first cage pocket has a first retainer with which
a permissible amount of the displacement 1s a first displace-

ment amount. The second cage pocket has a second retainer
with which the permissible amount of the displacement 1s a
second displacement amount smaller than the first displace-
ment amount.

According to the aspect described above, the permissible
amount of the displacement with the component 1n the radial
direction 1s larger 1n the tapered roller 1n the first cage pocket
than the tapered roller in the second cage pocket. Therefore,
when assembling the 1inner ring and a set of the cage and the
tapered rollers, the tapered roller 1n the first cage pocket can
casily climb over the small rib of the inner ring. As com-
pared to a case where all the cage pockets are the second
cage pockets 1 which the permissible amount of the dis-
placement 1s small, the operation for assembling the set and
the 1ner ring 1s facilitated. The permissible amount of the
displacement with the component in the radial direction 1s
smaller in the tapered roller 1n the second cage pocket than
the tapered roller in the first cage pocket. Therefore, when
the set and the inner ring are assembled into an 1nner ring
unit, the tapered roller in the second cage pocket and the
cage are hardly displaced relative to each other. As a result,
the tapered rollers housed 1n the cage pockets hardly detach
from the 1nner ring unit, thereby suppressing disintegration
of the mner ring unit.

According to the aspects described above, 1t 1s possible to
achieve both the facilitation of the operation for assembling
the inner ring and the set of the cage and the tapered rollers,
and the suppression of the disintegration of the inner ring
unit obtained by assembling the set and the mner ring.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, advantages, and technical and industrial signifi-
cance of exemplary embodiments of the disclosure will be
described below with reference to the accompanying draw-
ings, 1 which like signs denote like elements, and wherein:

FIG. 1 1s a sectional view illustrating an example of a
tapered roller bearing;

FIG. 2 1s an explanatory drawing ol a part of a cage
viewed from its inner peripheral side;

FIG. 3 1s a diagram 1llustrating a cross section including
a central line of the cage;

FIG. 4 1s a diagram viewed along an arrow IV 1n FIG. 3;

FIG. 5A 1s a conceptual diagram of the cage and tapered
rollers viewed from one side 1n an axial direction;

FIG. 5B 1s a conceptual diagram of a state in which the
tapered rollers are displaced when viewed from the one side
in the axial direction;

FIG. 6 1s an explanatory drawing of a first cage pocket
viewed along a roller axial direction;

FIG. 7 1s an explanatory drawing of a second cage pocket
viewed along the roller axial direction;

FIG. 8A 1s an explanatory drawing of a procedure for
assembling the tapered roller bearing;

FIG. 8B i1s an explanatory drawing of the procedure for
assembling the tapered roller bearing;

FIG. 9A 1s an explanatory drawing of the procedure for
assembling the tapered roller bearing;

FIG. 9B 1s an explanatory drawing of the procedure for
assembling the tapered roller bearing;

FIG. 10 1s a conceptual diagram for describing positions
of the tapered rollers 1n the first cage pocket and the second
cage pocket;

FIG. 11 1s a sectional view illustrating the tapered roller
bearing of the present disclosure;
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FIG. 12A 1s an explanatory drawing of a procedure for
assembling a tapered roller bearing of related art; and

FIG. 12B 1s an explanatory drawing of the procedure for
assembling the tapered roller bearing of the related art.

DETAILED DESCRIPTION OF EMBODIMENTS

Structure of Tapered Roller Bearing

FIG. 1 1s a sectional view illustrating an example of a
tapered roller bearing. A tapered roller bearing 10 illustrated
in FIG. 1 includes an inner ring 11, an outer ring 12 provided
on a radially outer side of the inner ring 11, a plurality of
tapered rollers 13 provided between the inner ring 11 and the
outer ring 12, and an annular cage 14 that retains the tapered
rollers 13.

An “axial direction”, a “radial direction”, and a “circum-
ferential direction” 1n the description of the inner ring 11, the
outer ring 12, and the cage 14 are defined. The *“axial
direction” 1s a direction along central lines of the mnner ring
11, the outer ring 12, and the cage 14. The axial direction
includes directions parallel to the central lines. The *“radial
direction” 1s a direction orthogonal to the central lines. The
“circumierential direction” 1s a direction along a circle about
the central lines. In the drawings, the coinciding central lines
of the mmner ring 11, the outer ring 12, and the cage 14 are
represented by reference symbol “C0”.

An “axial direction”, a “radial direction”, and a “circum-
terential direction™ in the description of the tapered roller 13
are defined. The “axial direction” of the tapered roller 13 1s
a direction along a central line Cl of the tapered roller 13.
For distinction from the axial direction of the inner ring 11,
the outer ring 12, and the cage 14, the axial direction of the
cage 14 and the like may be referred to simply as “axial
direction”, and the axial direction of the tapered roller 13
may be referred to as “roller axial direction”. The roller axial
direction 1ncludes directions parallel to the central line CI.
The “radial direction” 1s a direction orthogonal to the central
line Cl of the tapered roller 13, and may be referred to as
“roller radial direction”. The “circumierential direction™ 1s a
direction along a circle about the central line Cl of the
tapered roller 13, and may be referred to as “roller circum-
terential direction”.

The nner ring 11 1s an annular member formed by using,
for example, bearing steel or steel for machine structural
use. The mner ring 11 has a tapered inner ring raceway 21
on 1ts outer peripheral side. The iner ring 11 has a cone
front face rib (heremnafter referred to as “small r1b™) 22
provided on one side of the inner ring raceway 21 1n the axial
direction (left side mn FIG. 1), and a cone back face nb
(heremaftter referred to as “large rib”) 23 provided on the
other side of the iner ring raceway 21 1n the axial direction
(right side 1n FIG. 1). The small rib 22 and the large rib 23
protrude radially outward. In a state in which the tapered
rollers 13 are interposed between the mner ring 11 and the
outer ring 12 and retained by the cage 14, a diameter D1 of
an 1scribed circle defined by small-diameter-side portions
13a of the tapered rollers 13 1s smaller than an outside
diameter Dc of the small nib 22.

The outer ring 12 1s an annular member formed by using,
for example, bearing steel or steel for machine structural
use. The outer ring 12 has a tapered outer ring raceway 20
on its mnner peripheral side. The tapered roller 13 1s a
truncated cone-shaped member formed by using, for
example, bearing steel. The tapered roller 13 has a circular
roller small end face 16 having a small diameter and located
on one side 1n the roller axial direction (left side 1 FIG. 1),
and a circular roller large end face 17 having a large
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diameter and located on the other side 1n the roller axial
direction (right side 1n FIG. 1). The tapered roller 13 1s 1n
rolling contact with the outer ring raceway 20 and the inner
ring raceway 21. The roller large end face 17 1s 1n shiding
contact with a face (r1b surface) 24 of the large rib 23.

FIG. 2 1s an explanatory drawing of a part of the cage 14
viewed from 1ts inner peripheral side. The cage 14 includes
a small-diameter annular body 31 on one side in the axial
direction, a large-diameter annular body 32 having an out-
side diameter larger than that of the small-diameter annular
body 31 and located on the other side 1n the axial direction,
and a plurality of cage bars 33 provided with intervals 1n the
circumierential direction. The small-diameter annular body
31 and the large-diameter annular body 32 have a ring shape,
and are provided away from each other 1n the axial direction.
The cage bars 33 couple the small-diameter annular body 31
and the large-diameter annular body 32. A space formed
between the small-diameter annular body 31 and the large-
diameter annular body 32 and between two cage bars 33 and
33 adjacent 1n the circumierential direction 1s a cage pocket
34. Each cage pocket 34 houses one tapered roller 13. The
cage 14 has a plurality of cage pockets 34 that houses the
tapered rollers 13, respectively, thereby retaining the tapered
rollers 13 with equal itervals 1n the circumierential direc-
tion.

The cage 14 1s made of a synthetic resin, and 1s formed by
injection molding. For example, the cage 14 of this embodi-
ment 1s made of a polyphenylene sulfide resin (PPS). The
cage 14 1s resistant to lubricating o1l (o1l resistance), rela-
tively hard, and hardly deformed elastically. The cage 14
may be manufactured by using a 3D printer. In the present
disclosure, the cage 14 can be brought into sliding contact
with a part of the inner peripheral surface of the outer ring
12, and accordingly rotation of the cage 14 1s guided by the
outer ring 12. That 1s, the tapered roller bearing 10 1llustrated
in FIG. 1 1s an outer-ring guide type bearing in which the
cage 14 1s guided by the outer ring 12.

FIG. 3 1s a diagram 1llustrating a cross section including
the central line of the cage 14. FIG. 4 1s a diagram viewed
along an arrow IV 1 FIG. 3. Each cage pocket 34 has
retainers 40 configured to prevent radially outward detach-
ment of the housed tapered roller 13. The retainers 40 are
provided on both sides of one cage pocket 34 in the
circumierential direction. Each retainer 40 1s provided 1n a
middle area in the axial direction on a face 33q of the cage
bar 33, and protrudes in the circumierential direction. The
retainer 40 1s brought into contact with a part of the outer
peripheral surface of the tapered roller 13 housed 1n the cage
pocket 34 (middle part in the roller axial direction). A
portion around a crest 41 of the retainer 40 1s brought 1nto
contact with a part of the outer peripheral surface of the
tapered roller. Thus, the radially outward detachment of the
tapered roller 13 from the cage pocket 34 1s prevented when
the tapered roller bearing 10 1s assembled as described later.
The retainer 40 may have a shape other than the shape
illustrated 1n FIG. 3 and FIG. 4. As described later, the cage
14 has two types of cage pocket 34 (first cage pocket 34A
and second cage pocket 34B) due to a difference 1n either or
both of shapes and arrangements of the retainers 40.

As 1llustrated 1n FIG. 1, a state in which the central line
of the cage 14 coincides with the central line of the inner ring
11 and the tapered rollers 13 retaimned by the cage 14 are
properly 1n contact with the mner ring raceway 21 and the
face 24 of the large r1ib 23 1s defined as a “reference state”.
In the reference state and also 1n a state 1n which each
tapered roller 13 1s 1n contact with the outer ring raceway 20,
the tapered roller 13 1s not displaceable in the roller radial
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direction and the roller axial direction. A clearance 1s pro-
vided between the roller small end face 16 of the tapered
roller 13 and the small-diameter annular body 31. A clear-
ance 1s also provided between the outer peripheral surface of
the tapered roller 13 and the retainers 40. Therefore, the cage
14 1s slightly displaceable in the radial direction and the
axial direction relative to the tapered roller 13, and the
tapered roller 13 1s slightly displaceable in the axial direc-
tion and the radial direction 1n the reference state 1n which
the outer ring 12 1s removed (see FIG. 9B).

In the reference state, an 1maginary circle connecting the
centers of the roller small end faces 16 of the tapered rollers
13 1s defined as a small-diameter-side pitch circle of the
tapered rollers 13 (in design), and an i1maginary circle
connecting the centers of the roller large end faces 17 of the
tapered rollers 13 1s defined as a large-diameter-side pitch
circle of the tapered rollers 13 (in design). An assembly 1n
a state 1n which the tapered rollers 13 are housed 1n the cage
pockets 34 of the cage 14 (see FIG. 8A) 1s a “set 530” of the
cage 14 and the tapered rollers 13. An assembly of the set 50
and the inner ring 11 (see FIG. 9B) 15 an “inner ring unit 317,

In each of the set 530 and the mner ring unit 51, the tapered
rollers 13 are arranged along the small-diameter-side pitch
circle and the large-diameter-side pitch circle unless other-
wise noted. In the present disclosure, this state may be
described simply as a state 1n which the tapered rollers 13
are arranged “‘along pitch circle”. Each tapered roller 13 1s
slightly displaceable with a radially outward component
until the tapered roller 13 arranged along the pitch circle 1s
brought 1nto contact with the retainers 40. Unless otherwise
noted, the tapered rollers 13 are arranged along the pitch
circle.

Cage Pocket 34

As described above, the cage 14 has the cage pockets 34.
Each of the cage pockets 34 has a set of retainers 40 and 40
in pairs. In each of the set 50 and the mnner ring unit 51, a
clearance 1s formed between the small-diameter annular
body 31 and the roller small end face 16 of the tapered roller
13 in a state 1n which the roller large end face 17 of the
tapered roller 13 1s 1n contact with the large-diameter
annular body 32. In each of the set 50 and the inner ring unit
51, when the tapered roller 13 arranged along the pitch circle
1s displaced with the radially outward component, the retain-
ers 40 and 40 are brought into contact with a part of the outer
peripheral surface of the tapered roller 13 from a radially
outer side. Theretfore, radially outward detachment of the
tapered roller 13 1s prevented.

In each of the set 50 and the inner ring unit 51, a radial
clearance 1s formed between each of the retainers 40 and 40
and the tapered roller 13 located along the pitch circle and
housed 1n the cage pocket 34. Therelore, the retainers 40 and
40 permait displacement of the tapered roller 13 with a radial
component. Although the retainers 40 and 40 of the cage
pocket 34 permit the displacement of the housed tapered
roller 13 with the radial component, the retainers 40 and 40
are brought into contact with a part of the outer peripheral
surface of the tapered roller 13 when the tapered roller 13 1s
displaced. Thus, the radially outward detachment of the
tapered roller 13 can be prevented.

The displacement of the tapered roller 13 with the radial
component includes not only linear displacement of the
tapered roller 13 that moves radially outward but also, as
described later, displacement 1n which the tapered roller 13
1s brought 1nto contact with a part of the retainer 40 during
assembling and the small-diameter-side portion 13a of the
tapered roller 13 pivots radially outward about the contact
position. In the set 50, the roller small end face 16 1s brought
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into contact with the small-diameter annular body 31 when
the tapered roller 13 1s pivotally displaced. Therefore, the
pivotal displacement of the tapered roller 13 is restricted by
the retainer 40 and the small-diameter annular body 31. The
small-diameter annular body 31 has a uniform shape (sec-
tional shape) along the circumierential direction. As
described later, the cage 14 has two types of cage pocket 34
(first cage pocket 34A and second cage pocket 34B) different
in either or both of shapes and arrangements of the retainers
40. Due to the difference in the retainers 40, permissible
amounts of the prvotal displacement of the tapered rollers 13
differ from each other.

FIG. 5A 1s a conceptual diagram of the cage 14 and the
tapered rollers 13 viewed from one side 1n the axial direc-
tion. FIG. 5A 1llustrates a state 1n which the tapered rollers
13 are arranged along the pitch circle. The cage 14 has two
types of cage pocket 34. That 1s, the cage pockets 34 include
first cage pockets 34 A and second cage pockets 34B. In FIG.
5A, the tapered roller 13 1n the first cage pocket 34 A and the
tapered roller 13 1n the second cage pocket 34B are hatched
and distinguished from each other by varying the density of
hatching. In the form illustrated in FIG. SA, the cage 14 has
a total of 17 cage pockets 34, 1n which four cage pockets 34
are the second cage pockets 34B and the remaining 13 cage
pockets 34 are the first cage pockets 34A. The number of
second cage pockets 34B 1s preferably equal to or larger than
three, and 1s preferably smaller than the number of first cage
pockets 34A. The plurality of (four in the illustrated
example) second cage pockets 34B 1s arranged away from
cach other along the circumierential direction of the cage 14
with one or more (three or four in the illustrated example)
first cage pockets 34A interposed between the second cage
pockets 34B. The second cage pockets 34B are arranged
equiangularly in the circumierential direction if possible.
Three or more types of cage pocket 34 may be provided. In
this case, the forms of the retainers 40 difter from one
another.

FIG. 6 1s an explanatory drawing of the first cage pocket
34 A viewed along the roller axial direction. The retainers 40
provided 1n the first cage pocket 34A are “first retainers
40A”. FIG. 7 1s an explanatory drawing of the second cage
pocket 34B viewed along the roller axial direction. The
retainers 40 provided i1n the second cage pocket 34B are
“second retainers 40B”. FIG. 6 and FIG. 7 1llustrate a state
in which the tapered roller 13 1s located along the pitch circle
(reference state).

In FIG. 6, a first clearance K1 1n the radial direction of the
cage 14 1s provided between the first retainer 40A and the
tapered roller 13 located along the pitch circle. The first
clearance K1 1s a clearance at a position where the first
retainer 40A can be brought into contact with the tapered
roller 13. With the first clearance K1, displacement of the
tapered roller 13 with a radial component 1s permitted 1n the
first cage pocket 34A. A permissible amount of this dis-
placement is referred to as “first displacement amount™. The
first displacement amount may be regarded as a displaceable
amount of the tapered roller 13 located along the pitch circle.

In FIG. 7, a second clearance K2 1n the radial direction of
the cage 14 1s provided between the second retainer 40B and
the tapered roller 13 located along the pitch circle. The
second clearance K2 i1s a clearance at a position where the
second retainer 40B can be brought into contact with the
tapered roller 13. With the second clearance K2, displace-
ment of the tapered roller 13 with a radial component 1s
permitted 1 the second cage pocket 34B. A permissible
amount of this displacement 1s referred to as “second
displacement amount”. The second displacement amount
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may be regarded as a displaceable amount of the tapered
roller 13 located along the pitch circle. The present disclo-
sure provides a relationship in which the second clearance
K2 1s smaller than the first clearance K1 (K2<K1). There-
fore, the “second displacement amount™ 1s smaller than the
“first displacement amount”. Regarding a positional rela-
tionship 1n the axial direction of the cage 14, the position
where the first retainer 40A can be brought 1nto contact with
the tapered roller 13 and the position where the second
retainer 40B can be brought into contact with the tapered
roller 13 may coincide with each other but may be shifted
from each other.

In order that the second displacement amount may be
smaller than the first displacement amount, the cage 14 of
the present disclosure has at least one of the following first
and second structures.

First structure: The contact position of the second retainer
40B with the tapered roller 13 (crest 41 of the retainer 40
near the contact position) 1s provided on an 1nner side 1n the
radial direction of the cage 14 with respect to the contact
position of the first retainer 40A.

Second structure: The contact position of the second
retainer 40B with the tapered roller 13 (crest 41 of the
retainer 40 near the contact position) 1s provided on the other
side 1n the axial direction of the cage 14 with respect to the
contact position of the first retainer 40A.

Supplemental description 1s given about the second struc-
ture. The outer peripheral surface of the tapered roller 13 1s
shaped along a conical surface in which the outside diameter
increases toward the other side in the roller axial direction.
With the second structure, the second clearance K2 can be
made smaller than the first clearance K1, and the “second
displacement amount” can be made smaller than the “first
displacement amount”.

Due to the difference in the arrangements of the retainers
40, the cage 14 has the two types of cage pocket 34, that is,
the cage pockets 34A and 34B. Although illustration 1s
omitted, the cage 14 may have, due to the difference 1n the
shapes of the retainers 40, the two types of cage pocket 34,
that 1s, the cage pockets 34 A and 34B that are different in the
permissible amount of the displacement of the tapered roller
13.

As described above, FIG. 5A 1llustrates the state in which
the tapered rollers 13 are arranged along the pitch circle.
FIG. 5B 1llustrates a state 1n which the tapered rollers 13 are
not arranged along the pitch circle and each tapered roller 13
1s displaced by the “first displacement amount” or the
“second displacement amount”. That 1s, FIG. 5B illustrates
a state 1n which each tapered roller 13 1s 1n contact with the
first retainer 40A or the second retainer 40B. In FIG. 5B, the
cage 14 1s omitted, and the tapered roller 13 1n the first cage
pocket 34A and the tapered roller 13 1n the second cage
pocket 34B are hatched and distinguished from each other
by varying the density of hatching. In FIG. 5B, Q1 repre-
sents an mscribed circle defined by the small-diameter-side
portions of the tapered rollers 13 housed in the first cage
pockets 34A and being in contact with the first retainers
40A, and Q2 represents an inscribed circle defined by the
small-diameter-side portions of the tapered rollers 13 housed
in the second cage pockets 34B and being 1n contact with the
second retainers 40B. Since the first displacement amount
differs from the second displacement amount as described
above, the diameter of the first inscribed circle Q1 differs
from the diameter of the second inscribed circle Q2 (diam-
cter of mscribed circle Q1>diameter of 1nscribed circle QQ2).
In FIG. 1, the outside diameter (maximum outside diameter)
Dc of the small rib 22 of the mner ring 11 may be equal to
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or smaller than the diameter of the first inscribed circle Q1
and equal to or larger than the diameter of the second
iscribed circle Q2. In the present disclosure, however, the
outside diameter (maximum outside diameter) Dc 1s equal to
or larger than the diameter of the first inscribed circle Q1 and
equal to or larger than the diameter of the second 1nscribed

circle Q2.

As described above, the cage pockets 34 of the cage 14
include the first cage pockets 34A and the second cage
pockets 34B. The first cage pocket 34A has the first retainers
40A and 40A. With the first retainers 40A and 40A, the

permissible amount of the displacement of the tapered roller
13 housed 1n the first cage pocket 34 A and located along the
pitch circle 1s the first displacement amount. The second
cage pocket 34B has the second retainers 40B and 40B. With
the second retainers 408 and 40B, the permissible amount of
the displacement of the tapered roller 13 housed in the
second cage pocket 34B and located along the pitch circle 1s
the second displacement amount smaller than the first dis-
placement amount.

Assembling of Tapered Roller Bearing 10

The tapered roller bearing 10 having the structure
described above 1s assembled as follows. As illustrated 1n
FIG. 8A, the tapered rollers 13 are housed in the cage
pockets 34 from the inner peripheral side of the cage 14 to
assemble the cage 14 and the tapered rollers 13. Thus, the set
50 of the tapered rollers 13 and the cage 14 1s obtained. The
set 50 1s caused to approach the inner ring 11 1n the axial
direction (see FIG. 8B) to attach the set 50 to the mner ring
11. In the state of the set 50 and at the time of attachment,
the retainers 40 and 40 of each cage pocket 34 prevent
radially outward detachment of the tapered roller 13 housed
in each cage pocket 34.

FIG. 10 1s a conceptual diagram for describing positions
of the tapered rollers 13 1n the first cage pocket 34A and the
second cage pocket 34B. As illustrated 1n FIG. 10 and FIG.
8A, the diameter D1 of the inscribed circle defined by the
small-diameter-side portions 13a of the tapered rollers 13
located along the pitch circle 1n the set 50 1s smaller than the
outside diameter Dc of the small rib 22 of the inner ring 11.
A diameter Dyl of the inscribed circle Q1 defined by the
small-diameter-side portions 13a of the tapered rollers 13 1n
contact with the first retainers 40A (see FIG. 10) and a
diameter D12 of the inscribed circle Q2 defined by the
small-diameter-side portions 13a of the tapered rollers 13 1n
contact with the second retainers 40B (see FIG. 10) are
smaller than the outside diameter Dc of the small rib 22 of
the mner ring 11. The small-diameter-side portion 13a of
cach tapered roller 13 needs to climb over the small rib 22
while assembling the set 50 and the 1nner nng 11 (see FIG.
8B). Thus, the small-diameter-side portion 13a 1s displaced
radially outward. At this time, a part of the tapered roller 13
1s brought into contact with the retainers 40 and 40 of the
cage 14. In order that the small-diameter-side portion 13a of
the tapered roller 13 may climb over the small rib 22, the
inner ring 11 1s pushed in the axial direction against the cage
14 to elastically deform a part of the cage 14 (part including
the retainers 40).

Each cage pocket 34 has the retainers 40 and 40. As
illustrated in FIG. 9A, each tapered roller 13 1s brought into
contact with the retainers 40 and 40, and then pivots
clockwise 1mn FIG. 9A about the contact point. That 1s, the
tapered roller 13 pivots to move the small-diameter-side
portion 13a radially outward. Through the pivotal displace-
ment of the tapered roller 13, the small-diameter-side por-
tion 13a can easily climb over the small rib 22.
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As described above, the cage 14 has the two types of cage
pocket 34. As described above, the permissible amount of
the displacement with the radial component 1n the first cage
pocket 34A 1s the first displacement amount. The first
displacement amount 1s larger than the permissible amount
of the displacement 1n the second cage pocket 34B (second
displacement amount). That is, the permissible amount of
the displacement with the radial component 1s larger in the
tapered roller 13 1n the first cage pocket 34 A than the tapered
roller 13 1n the second cage pocket 34B. Therefore, when
assembling the set 50 and the inner ring 11, an “elastic
deformation amount (see a left part of FIG. 10)” of a part of
the cage 14 1s small in the first cage pocket 34A, and the
tapered roller 13 in the first cage pocket 34A can easily
climb over the small rib 22. As a result, the operation for
assembling the set 50 and the mnner ring 11 1s facilitated.
Even 11 the force for pushing the mner ring 11 in the axial
direction 1s small, the small-diameter-side portion 13a of the
tapered roller 13 can easily climb over the small rib 22.

When the set 50 and the mner ring 11 are assembled 1nto
the inner ring unit 51 as illustrated 1n FIG. 9B, the tapered
roller 13 1n the second cage pocket 34B and the cage 14 are
hardly displaced relative to each other. The reason 1s that the
permissible amount of the displacement of the tapered roller
13 with the radial component in the second cage pocket 34B
1s the second displacement amount smaller than the first
displacement amount as illustrated in FIG. 10. That 1s, 1n the
state of the inner ring unit 51, the second retainers 40B and
40B of the second cage pocket 34B are brought 1nto contact
with the tapered roller 13, and therefore the cage 14 1s hardly
displaced relative to the mner ring 11. Since the cage 14 1s
hardly displaced relative to the inner ring 11, not only the
tapered rollers 13 retained 1n the second cage pockets 34B
of the cage 14 but also the tapered rollers 13 retained in the
first cage pockets 34A are hardly displaced in the radial
direction as a whole. In order that the tapered roller 13 1n the
second cage pocket 34B may climb over the small b 22 1n
the state of the inner ring unit 51, a great external force 1s
needed to cause a large “elastic deformation amount (see a
right part of FIG. 10)” 1n a part of the cage 14. Therefore, it
1s difficult for the tapered roller 13 to climb over the small
rib 22. As compared to a case where all the cage pockets 34
are the first cage pockets 34 A, the tapered rollers 13 housed
in the cage pockets 34 hardly detach from the inner ring unit
51, thereby suppressing disintegration of the mner ring unit
51.

In the state of the inner ring unit 31 1llustrated 1n FIG. 9B,
when the tapered roller 13 in the cage pocket 34 attempts to
make displacement 1n the radial direction, the displacement
1s restricted by the retainers 40 and also by the small rib 22
in contact with the tapered roller 13. Therefore, the 1nner
ring unit 51 1s hardly disintegrated. Thus, the shape of the
small r1b 22 (outside diameter Dc) 1s set so that, even 11 the
tapered roller 13 housed in the cage pocket 34 1s displaced
with the radial component as described above, the displace-
ment can be restricted through the contact between the
tapered roller 13 and the face of the small nb 22.

Through the assembling method described above, the
iner ring 11, the cage 14, and the tapered rollers 13 are
integrated into the inner ring umt 51. The outer ring 12 1s
attached to the inner ring unit 51 to complete the tapered
roller bearing 10.

Particularly i the present disclosure, the number of
second cage pockets 34B 1s smaller than the number of first
cage pockets 34A as illustrated 1n FIG. SA. Since the number
of second cage pockets 34B 1s small, the operation for
assembling the set 50 and the mner ring 11 1s further
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facilitated. Even though the number of second cage pockets
34B 1s small, the cage 14 1s hardly displaced relative to the
mner ring 11. The second cage pockets 34B are arranged
away from each other in the circumiferential direction with
the first cage pockets 34A interposed between the second
cage pockets 34B. Therefore, the cage 14 1s hardly displaced
relative to the inner ring 11 more securely. As a result, the
inner ring unit 51 1s hardly disintegrated.

Tapered Roller Bearing 10 of Present Disclosure

IT all the cage pockets 34 are the second cage pockets 34B
in which the permissible amount of the displacement of the
tapered roller 13 (second displacement amount) 1s small, the
assembling of the set 30 and the inner ring 11 requires a great
force (load). Therefore, the assembling 1s difficult. If all the
cage pockets 34 are the first cage pockets 34 A 1n which the
permissible amount of the displacement of the tapered roller
13 (first displacement amount) 1s large, the tapered rollers 13
and the cage 14 are likely to disintegrate from the inner ring
11 1n the state of the mner ring unit 51. In the present
disclosure, the cage pockets 34 of the cage 14 include the
first cage pockets 34A having the first retainers 40A with
which the permissible amount of the displacement 1s the first
displacement amount, and the second cage pockets 34B
having the second retainers 40B with which the permissible
amount of the displacement 1s the second displacement
amount smaller than the first displacement amount. There-
fore, 1t 1s possible to achieve both the facilitation of the
operation for assembling the inner ring 11 and the set 50 of
the cage 14 and the tapered rollers 13, and the suppression
of the disintegration of the inner ring unit 51 obtained by
assembling the set 50 and the mner ring 11.

In the present disclosure, description 1s given of the
single-row tapered roller bearing 10 having the tapered
rollers 13 arrayed in one row in the circumierential direc-
tion. Although 1llustration 1s omitted, a cage of a multi-row
tapered roller bearing may have the structure described
above. As another form, 1n a case where a wheel bearing
device (referred to also as “hub unit”) configured to support
a wheel of an automobile 1s constituted by a tapered roller
bearing, that 1s, 1n a case where the wheel bearing device has
tapered rollers as rolling elements 1n part, a cage that retains
the tapered rollers may have the structure described above.
Other Features

FIG. 11 1s a sectional view illustrating the tapered roller
bearing 10 of the present disclosure. FIG. 11 illustrates a
cross section diflerent from that in FIG. 1. The tapered roller
bearing 10 1s lubricated by lubricating o1l (o1l). When the
cage 14 1s displaced 1n the radial direction, the cage 14 can
be brought into sliding contact with a part of the inner
peripheral surface of the outer ring 12, and accordingly the
rotation of the cage 14 1s guided by the outer ring 12. That
1s, the tapered roller bearing 10 1s an outer-ring guide type
bearing in which the cage 14 1s guided by the outer ring 12.

The cage 14 has a first contact surface 61 on the radially
outer side and on one side 1n the axial direction, and a second
contact surface 62 on the radially outer side and on the other
side 1n the axial direction. The first contact surface 61
includes a part of the outer peripheral surface of the small-
diameter annular body 31. The first contact surface 61 and
the second contact surface 62 can be brought into sliding
contact with the inner peripheral surface of the outer ring 12,
and accordingly the rotation of the cage 14 1s guided by the
outer ring 12. In a state 1n which the central lines of the outer
ring 12 and the cage 14 coincide with each other as illus-
trated 1n FIG. 11, a clearance el formed between the first
contact surface 61 and an 1nner peripheral surface 69 of the
outer ring 12 on one side 1n the axial direction 1s set small
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for outer-ring guiding. The clearance el functions as a
labyrinth clearance, which can reduce the occurrence of a
case where external lubricating o1l on one side 1n the axial
direction of the tapered roller bearing 10 enters an internal
space (1nside of the tapered roller bearing 10) between the
inner ring 11 and the outer ring 12 where the tapered rollers
13 are provided.

As described above, the cage 14 1s guided by the outer
ring by reducing the clearance el. Further, a clearance ¢2
formed between an inner peripheral surface 65 of the small-
diameter annular body 31 of the cage 14 and an outer
peripheral surface 66 of the small rib 22 of the inner ring 11
1s set small. The clearance €2 also functions as a labyrinth
clearance. Therefore, external lubricating oil hardly enters
the tapered roller bearing 10 from one side in the axial
direction through a space between the cage 14 and the 1inner
ring 11. By suppressing the entry of the lubricating o1l mnto
the tapered roller bearing 10, resistance to stirring of the
lubricating o1l during rotation of the tapered roller bearing
10 1s reduced. Therefore, a running torque (rotational resis-
tance) of the tapered roller bearing 10 can be reduced.

The lubricating o1l passing through the clearances el and
¢2 tlows toward the other side of the outer ring 12 1n the
axial direction as indicated by arrows G1 and G2 1n FIG. 11.
The cage 14 includes the large-diameter annular body 32 on
the other side in the axial direction. The lubricating o1l
impinges on a face 33 of the large-diameter annular body 32
on one side 1n the axial direction. Then, the lubricating o1l
flows with 1ts direction changed toward the inner ring 11 as
indicated by an arrow G3. A part of the lubricating o1l 1s
supplied between the face 24 of the large rib 23 and the roller
large end face 17 of the tapered roller 13. That 1s, the face
35 of the large-diameter annular body 32 on one side in the
axial direction 1s shaped to change the direction of the tlow
of the lubricating o1l as described above. Further, the lubri-
cating o1l passing through the clearance €2 can flow toward
the face 24 of the large rib 23 along a radially inner surface
64 of the cage bar 33. Even though the amount of the
lubricating o1l 1s small, the lubricating o1l 1s supplied toward
the face 24 of the large rib 23 to increase lubricity of the
sliding contact surface between the tapered roller 13 and the
large rib 23. Thus, seizure can be prevented.

A clearance €3 1s provided between the radially outer
surface of the cage 14 on the other side in the axial direction
(second contact surface 62) and a part of the inner peripheral
surface of the outer ring 12. The lubricating o1l 1n the tapered
roller bearing 10 1s discharged to the outside through the
clearance €3. That 1s, a part of the lubricating o1l tlowing
along the inner peripheral surface of the outer ring 12 tlows
toward the face 24 of the large b 23 as described above, and
the remaining (surplus) lubricating o1l 1s discharged through
the clearance e3. Thus, 1t 1s possible to prevent an increase
in the stirring resistance of the tapered roller bearing 10 due
to the surplus lubricating oil.

The embodiment disclosed herein 1s 1llustrative but 1s not
limitative 1n all respects. The scope of rights of the present
disclosure 1s not limited to the embodiment described above,
and encompasses all modifications within the scope of
equivalents to the elements 1n the claims.

What 1s claimed 1s:

1. A tapered roller bearing comprising:

an mner ring having an mner ring raceway on an outer
peripheral side, a small rib provided on one side of the
inner ring raceway 1n an axial direction, and a large rib
provided on the other side of the inner ring raceway in
the axial direction;
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an outer ring having an outer ring raceway on an inner

peripheral side;

a plurality of tapered rollers in rolling contact with the

inner ring raceway and the outer ring raceway; and

an annular cage having a plurality of cage pockets that
houses the tapered rollers, respectively, wherein

cach of the cage pockets has a retamner configured to

permit displacement of the tapered roller 1n a direction
with a component 1n a radial direction relative to a
central axis of the tapered roller bearing, and restrict
detachment of the tapered roller to an outer side in the
radial direction by bringing the retainer into contact
with a part of an outer peripheral surface of the tapered
roller, and

the cage pockets include:

a first cage pocket having a first retainer with which a
permissible amount of the displacement 1s a first
displacement amount; and

a second cage pocket having a second retainer with
which the permissible amount of the displacement 1s
a second displacement amount smaller than the first
displacement amount.

2. The tapered roller bearing according to claim 1,
wherein:

the first retainer has a first clearance 1n the radial direction

from the tapered roller housed 1n the first cage pocket;

and

the second retainer has a second clearance 1n the radial

direction from the tapered roller housed in the second

cage pocket, the second clearance being smaller than
the first clearance.

3. The tapered roller bearing according to claim 1,
wherein the number of the second cage pockets 1s smaller
than the number of the first cage pockets.

4. The tapered roller bearing according to claim 1,
wherein a plurality of the second cage pockets 1s arranged
away Irom each other 1n a circumierential direction relative
to the central axis of the tapered roller bearing with the first
cage pocket interposed between the second cage pockets.

5. The tapered roller bearing according to claim 1,
wherein the second retainer 1s provided on an inner side in
the radial direction with respect to the first retainer.

6. The tapered roller bearing according to claim 1,
wherein the second retainer 1s provided on the other side in
the axial direction with respect to the first retainer.

7. A cage for a tapered roller bearing including an 1nner
ring having an inner ring raceway on an outer peripheral
side, a small rib provided on one side of the mnner ring
raceway 1n an axial direction, and a large rib provided on the
other side of the inner ring raceway 1n the axial direction, an
outer ring having an outer ring raceway on an mner periph-
eral side, and a plurality of tapered rollers 1n rolling contact
with the mner ring raceway and the outer ring raceway,

the cage comprising a plurality of cage pockets that

houses the tapered rollers, respectively, wherein

cach of the cage pockets has a retainer configured to

permit displacement of the tapered roller 1n a direction
with a component 1n a radial direction relative to a
central axis of the tapered roller bearing, and restrict
detachment of the tapered roller to an outer side in the
radial direction by bringing the retainer into contact
with a part of an outer peripheral surface of the tapered
roller, and

the cage pockets include:

a first cage pocket having a first retainer with which a
permissible amount of the displacement 1s a first
displacement amount; and
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a second cage pocket having a second retainer with

which the permissible amount of the displacement 1s

a second displacement amount smaller than the first
displacement amount.
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